Abstract: Hardwood floodplain forests in Slovakia have been traditionally classified within the class Querco-Fagetea, order Fagetalia, alliance Alnion incanae, suballiance Ulmenion. Five main syntaxonomical studies on this topic come from the years 1958-1972 and were published by several authors from different regions. Each author described several new geographically delimited subassociations which were considered to be confined to single lowland region. This resulted in unclear classification scheme of hardwood floodplain forests in Slovakia with numerous floristically poorly differentiated units, especially at the subassociation level. We used 404 relevés ordered to the suballiance Ulmenion in the Slovak national database (http://ibot.sav.sk/cdf/) and analysed the dataset by cluster analysis and detrended correspondence analysis. We distinguished four groups of relevés which represents four subassociations within one association 
Introduction
Hardwood floodplain forests in Slovakia occupy higher situated alluvia of great rivers with typical soils classified as fluvisols and gleysols (Michalko et al. 1987) . They are affected by the fluctuations in the ground water table and irregularly by short-term flooding. Dominant species of the tree layer are Fraxinus angustifolia, F. excelsior, Quercus robur, Ulmus minor and Ulmus laevis. Fraxinus angustifolia is an autochthonous species in this type of forests, but has been replaced by F. excelsior in some places through planting. Shrub layer is regularly well developed and it is relatively species rich. Herb layer attains usually high cover and some species tend to form large monodominant stands (Aegopodium podagraria, Impatiens parviflora, Rubus caeius, Urtica dioica). There is a big difference in species composition of the herb layer between spring and summer. In spring, low geophytes prevail, while later higher hemicryptophytes dominate. In the past, before the settlement of the territory by man, these forests covered a considerable part of the large lowlands in Slovakia (Michalko et al. 1987; Krippel 1986 ). Depending on more intensive agricultural way of life, in the Middle Ages, the vegetation cover changed considerably in large areas of floodplains by deforestation and fragmentation. Recently, the remnants of these forests belong to one of the most changed ecosystems in Slovakia, endangered by intensive forestry, fragmentation, regulations of water regime and penetration if neoindigenophytes.
In Slovakia the studied forests are traditionally classified within the class Querco-Fagetea, order Fagetalia, alliance Alnion incanae, suballiance Ulmenion (Mucina & Maglocký 1985; Jarolímek et al. 2008) . According to these lists of syntaxa, the suballiance Ulmenion includes eight following associations: Arunco-Salicetum capreae Hadač et al. 1969 , Filipendulo-Salicetum capreae Hadač et al. 1969 (both recorded only from the Belianske Tatry Mts), Querco pedunculiflorae-Populetum tremuli Šomšák et Háberová 1979 (recorded In the past, several authors explored the diversity of hardwood floodplain forests in Slovakia. Five main syntaxonomical studies come from the years -1972 (Jurko 1958 , 1967 Berta 1970; Džatko 1972) . Each author described several new geographically delimited subassociations, which were distributed in only one of lowland region: the Podunajská nížina Lowland (Jurko 1958; Džatko 1972) , the Vý- (Berta 1970 ) and the Záhorská nížina Lowland (Šomšák 1959, 1967) ; see the summary in Table 1 . This resulted in unclear classification scheme of hardwood floodplain forests in Slovakia with numerous poorly differentiated units, especially at the subassociation level. For this reason, we analyzed the dataset of all the relevés of all the authors together using numerical classification and ordination methods with the aim to identify floristically, ecologically and/or geographically well defined units significantly distinguished in the whole analysed territory.
Material and methods
The study area includes all lowland regions with alluvia of large rivers of Slovakia with hardwood floodplain forests. They occur in the Podunajská nížina Lowland along the Danube river and it's tributaries Hron and Váh, in the Borská nížina Lowland along the Morava and Rudava rivers, and in the Východoslovenská nížina Lowland along the rivers Topľa, Latorica and Bodrog. We used 404 relevés ordered within the suballiance Ulmenion in the Slovak national phytosociological database CDF (http://ibot.sav.sk/cdf/). These relevés were recorded by ten authors and comprise all available phytosociological data on hardwood floodplain forests in Slovakia published since 1950 until present time: Jurko (1958 Jurko ( ) -75 relevés, Šomšák (1959 -27 relevés, Šomšák (1967) -77 relevés, Berta (1963 ) -29 relevés, Hadač et al. (1969 ) -6 relevés, Berta (1970 ) -71 relevés, Džatko (1972 ) -19 relevés, Šomšák & Háberová (1979 -8 relevés, Háberová et al. (1985) -5 relevés, Stanová (1991 ) -13 relevés, Jarolímek (1994 -16 relevés, Uherčíková (1995) Data were stored in TURBOVEG database (Hennekens & Schaminné 2001) and exported to and processed in JUICE program (Tichý 2002) . Species records from differ- (Ellenberg's 1991) as supplementary data. The analysis was performed in two steps. First, all relevés were analysed using DCA analyses and then outlaying groups were excluded. The remaining data were analysed again using hierarchical clustering (method beta-flexible with β = −0.25, coefficient Similarity ratio). A synoptic table with frequencies and fidelities calculated using the JUICE program (Tichý 2002 ) was created to determine diagnostic species for each cluster. Fisher's exact test (P < 0.005) was used for eliminating the fidelity value of species with a non-significant pattern of occurrence (Chytrý et al. 2002;  Marhold et al. (1998) and the nomenclature of syntaxa follows the latest Slovak checklist ) except for the original names used in cited papers.
Results
DCA analyses of all 404 relevés showed just three regularly repeating groups, which we identify with the following associations 1) Ficario-Ulmetum campestris Knapp ex Medwecka-Kornaś 1952, 2)Querco pedunculiflorae-Populetum tremuli Šomšák et Háberová 1979, 3) Arunco-Salicetum capreae Hadač et al. 1969 and Filipendulo-Salicetum capreae Hadač et al. 1969 (Fig. 2) . The last three associations (groups 2 and 3) come from different geographical areas (see Fig. 1 ) and different ecological conditions than rest of the data, they have too different floristical composition and their classification within the Ulmenion suballiance is mistaken. This could be the reason for their big difference from all other communities of the suballiance. Large groups of differential species of these three associations against the rest of dataset support this opinion in synoptic (Figs 2, 3 ). Therefore we excluded the three outlying groups mentioned above and also twelve relevés from Berta (1972) which were markedly different from the others and contain many diagnostic species of the class Alnetea glutinosae (Carex 
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elongate, C. riparia, C. vesicaria, Iris pseudacorus).
Then we analysed the rest of the data (359 relevés) again, using hierarchical clustering in SYN-TAX 2000. The dendrogram made by beta-flexible method with β = −0.25 and Ružička's coefficient shows four clear clusters (Fig. 4) . According to this analysis a synoptic table has been created using percentage frequency and fidelity values (Table 3) .
Cluster A ( This group consists of relevés assigned by Šomšák (1959, 1967) and Berta (1970) to the moistest subassociations Fraxino-Ulmetum alnetosum, Fraxino-Ulmetum populetosum and to Fraxino pannonicae-Ulmetum Soó in Aszód 1936 corr. Soó 1963 sampled by Jarolímek (1994) and Černušáková (2000) . Few relevés were assigned to dryer subassociations by Šomšák (1959, 1967) and Berta (1970) .
Fraxino pannonicae-Ulmetum caricetosum acutiformis is the best distinguished subassociation and represents the most humid wing of the association Fraxino pannonicae-Ulmetum. There are numerous hygrophilous species of the orders Molinietalia, Phragmitetalia and Alnetalia glutinosae which differs this subassociation against the others. Also Ellenberg's indicator values (Fig. 5) show this unit as the moistest one. In tree layer Ulmus minor, Acer campestre, Fraxinus angustifolia and Quercus robur are common. The shrub layer is usually dominated by Cornus sanguinea, Acer campestre, Ulmus minor and Acer tataricum. The most common species in the herb layer are Rubus caesius, Urtica dioica, Galium aparine, and Glechoma hederacea.
Cluster B ( (Figs 3, 4) . Therefore we chose the name.
The association Fraxino-Populetum Jurko 1958 was described as a transition between willow-poplar and hardwood floodplain forests (Jurko 1958) . This intermediate type of forest is characterized by ecological conditions and floristic composition, which lies in the middle between hygrophilous association Salicetum albae Issler 1926 and mezophilous Ulmeto-Fraxinetum sensu Jurko 1958. This unit is more affected by introduced and invasive species then the others. In tree layer, Populus alba, Fraxinus excelsior, F. angustifolia and Robinia pseudaccacia are the most common species. The shrub layer is dominated by Sambucus nigra and Cornus sanguinea. In the herb layer, Galium aparine, Brachypodium sylvaticum, Humulus lupulus and Impatiens parviflora prevail. According to Ellenberg's indicator values this unit is more nutrient demanding (Fig. 5 ).
Cluster C ( The need of moisture and nutrients in the smallest from the studied units (Fig 5) .
Cluster D ( This subassociation represents the driest community with "grove like" physiognomy of stands. In tree layer are common Ulmus minor, Fraxinus excelsior, Quercus robur and Acer campestre. In shrub layer Corylus avellana dominates. Herb layer of these lighter forests consist of more thermophilous species and species typical for the alliance Carpinion: Carex alba, Convallaria majalis, Bromus ramosus, Lithospermum purpurocaerulea and others (Table 3) . Also the Ellenberg's indicator value for temperature is the highest of all the analyzed vegetation types (Fig. 5) .
Discussion
Five main studies on syntaxonomy of hardwood floodplain forests in Slovakia were published by Jurko (1958) , Šomšák (1959, 1967) , Berta (1970) Hadač et al. 1969 . However, QuercoPopuletum, Arunco-Salicetum and Filipendulo-Salicetum are local associations described from small stream alluvia in the Silická planina Plateau and in the Belianske Tatry Mts. The synoptic table (Table 2) shows their conspicuous difference from the all other communities of the suballiance Ulmenion. They contain nearly no diagnostic taxa of the suballiance Ulmenion and alliance Alnion glutinosae and more than 30 mountain taxa (e.g., Delphinium elatum, Leucanthemum rotundifolium, Petasites kablikianus, Sambucus racemosa, Veratrum album ssp. lobelianum) occur here, particularly in Arunco-Salicetum and Filipendulo-Salicetum. By our opinion these three associations do not represent a hardwood floodplain forests and should not be classified within the Ulmenion suballiance.
The association Carici (acutiformis-ripariae)-Fraxinetum Berta 1970 in the lists of syntaxa of Czech Republic (Moravec et al. 2000) and Austria (Mucina et al. 1993 ) is mentioned as synonymum of the Fraxino pannonicae-Ulmetum Soó in Aszód 1936 corr. Soó 1963. In the latest Slovak list of syntaxa this association is accepted and classified within the alliance Alnion glutinosae. This classification is supported also by results of our dataset analysis, where the association Carici (acutiformis-ripariae)-Fraxinetum was represented by 12 relevés which are completely different from the others and probably should be classified within the alliance Alnion glutinosae.
The rest of dataset originally represented by three associations and their twelve subassociations, we divided into four clusters using results of hierarchic agglomerative numerical classification. The comparison with syntaxa described till now in a relevant literature resulted in the assignment of all clusters within the association Fraxino pannonicae-Ulmetum Soó in Aszód 1936 corr. Soó 1963 with four subassociations. The big difference between numbers of associations and subassociations in our paper and in earlier publications (mainly Jurko 1958 , Berta 1970 can have more explanations. The older authors used relevés just from one of the lowlands (Jurko 1958 -the Podunajská nížina Lowland, Berta 1970 -the Východosloven-ská nížina Lowland) or only from a part of lowland (Džatko 1970 -the northern part of the Podunajská nížina Lowland) and they did not compare their re-
